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AESTRACT

The Shelby district is divided into & northwesterm and a south-
esstern province. The rocks in the southeastern proviance include
various units in the Battlezround schist formzation and the Yorkville
grenodiorite. Those in the northwestern provioce include the Carclinc
gneiss, with its Shelby gneiss member, and the Toluca quartz roczonite.
The Cherryville quortc meonzonite forms a batholith that is just west
of the boundary between the two provinces. Pegnatites related to both
the Toluca and the Cherryville quartz monzonites lie in the Carolina
Zneiss snd many dikes o2 pegmetite thet are related to the Cherryville
quartz monzonite are in the tin-spodumens belt that lies alornyg the
boundary between provinces. The rocks of the southeastern province
have been tent into steep isoclinal folds; those of the northwestern
province were bent into open £olds and gently-dipping isoclinal folds.
The rocks to the southeast have been metanorphosed in the epidote-
arphibolite facies whereas the rocks to the northwest represent the
arhibolite or gronulite facies.

The pegmatites related to the Toluca quartz monzonite form sills,
di%es, and concordant lenses in the Carolina gneilss, as well as dikss
iz the Toluca quartz monzonite. The todies are unzoned and consist
m2inly of gaeissic microcline-plagioclase-quartz pegmatite. The pegma-
tites related to the Cherryville qusrtz mouzonite form dikes and
disconformeble lenses in the Carolina gneiss and the Toluca quartz
Monzonite. These pegratites range widely in composition and many are
Zoted. The dikes west of the Cherryville batholith are rich ia musco-

vite and plagioclase and may contain no microcline or only a moderote



amount of microcline. Quartz cores and microcline-rich intermediate
zones are commoa. Similer pegmatite forms dikes alcong the west edze
cf the tin-spodurene belt. The tin-spodumenc telt contains albite-
microcline-spodumene-quartz pegnatite. These dikes of slbitic pegia-
tite are largest and most nearly parallel to one another south of Kiagss
Mountain. Farther north they lie in frzactures of several sets.

The main factors that affected the dsvelcpment of zones in the
pegmatite dikes are composition of mazma, termperatures of magma ard
wall rock, and deformation during crystallization. For best develop-
ment of zonas and the zrowth of the largest rmscovite books the rute of
cooling a2nd the rate of crystzl srowth must te rather fast. Complete
cocasolidation protedbly was reached in most dikes within e few years

after the start of crystellization.



PEGMATITE GEOLOGY OF TEE SHELBY DISTRICT

NORTH AND SOUTH CAROLINA

INTRODUCTION

Location and physical features

The Shelby pesmatite district is in the Piedmont Platesu. Its
eastern edge is marked ty the concentration of pegmatite dikes in the
tin-spodumene belt, for east of “hat belt there zre few pegmatite dikes.
The southern, westerin, znd northern limits are less defiaite, a3 the
abundance of pegmatite decrezses more gradually in those directions.

The town of Kings Mountain lies near the middle of the tia-spcdiumenc
telt and is about 4C miles west of Chariotte. North Carslina. The
positions of the pegmatite areas and the major towas in and zear the
Skelby district are shown ia figure 1.

The old Piedmont uplaad surface rises, in crossing tae Shelby dis-
trict, from an altitude of about 800 feet in the southeastern part of
the Kings Mountain quzdranzle to zbout 1,050 feet at the base of the
South Mountains in the northwestern part of the Shelby quadrangle. The
Pinnacle, altitude 1,705, Crowders Mountain, altitude 1 62L feet,
Carpenter Knob, altitude 1,619, and Henry Kaob, altitude 1,200 feet. are
the most conspicuous hills that rise above the upland surface. The (AR
lend surface has been incised %o & depth of 250 feet by the largest

Streams--the Broad River and the South Fork River.
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Field work and acknowled ments

The first effective seologic work in the district was the brief visit
of Titus Ulke in 1892 (Ulke, 1894). L. C. Graton, in 1904, spent a longer
time in a more deted led reconnaissance of the tin deposits (Graton, 1906).
D. B. Sterrett completed a reconnasissance of the tin deposits for the
North Carolina Geological Survey (Pratt and Sferrett, 1904) then, in 1307,
started to map geologically the Gaffney, Kings Mouantain, and Lincolnton
guadrangles .(Keith and Sterrett, 1917, 1931). In 1939 and 1940 a party
under the direction of T. L. Kesler mapped several parts of the tin-
spodumene belt and examined deposits in other areas (Kesler, 1942), and in
1943 J. C. Olsoz examined nearly 100 mica mines in various parts of the
Lincolnton, Shelby. and Kinzss Mountain quadrangles. Olson returned to
the district, accompanied by me, in July 1944 and we continued to meke
mine examinations there until October 1945 (Griffitts and Olson, 1$53).

In 1948 a party led by R. G. Yates bezan mapping the Shelby qued-
rangle. I began sampling the spodumene-bezring pegmatites near Kings
Mountain in January 1949. The following summer I continued the sampling
and joined the party that was mapping the Shelby quadrangle. We pre-
pared some of the results of this work for publication (Griffitts end
Overstreet, 1952, and Griffitts, 195%). I continued field work in the
tin-spodumene belt until the spring of 1952. Durinz this time D. B.
Potter studied the geology of the kyanitic quartzites and associated
rocks. In preparing this report I have drawn upon the information ob-
tained by all the parties that were active in the area between 1907 and
1953. The fleld notes of D. B. Sterrett, the maps of Kesler, the maps

and notes of Olson, #and the data of Yates' party have all been of i recat
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value. These sources provided the material shown on the geologle map
(fig. 2). A manuscript map by D. B. Potter was used in revising the
outcrop areas of sillimanitic and kyanitic quertzite in the Kings
Mountain quadrangle. I remapred the pegmatite belt, which passes
through the Kings Mountain and Lincolnton quadrangles and into the
Gaffney quadrangle as well as parts of the Gastonia and Hickory gquad-
rangles, and checked the rest of the map in the field. The map of the
Shelby quadrangle by Yates, Overstreet, and Griffitts was reduced and
the geologic units revised to conform with those of the other quad-
rangles.

Inasmuch as this report is largely restricted to a discussion of
the nature and origin of peématites related to the Toluca and Cherry-
ville quartz monzonites, many details of structure, metamorphism, and
surficial geolozy are omitted.

This report is based on work which is part of a program that the
U. S. Geological Survey is conducting on behalf of the Division of Raw

Materials of the U. S. Atomic Energy Commission.
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GEOLOGY

Metamorphic rocks

Carolina gneiss

General features.--The Carolina gneiss, which includes most of the

metamorphic rocks that are northwest of the tin-spodumene belt, under-
lies most of the Shelby quadrangle, much of the northwestern two-thirds
‘of the Lincolnton quadrangle, and most of the northwestern two-thirds
of the Gaffney quadrangle (fig. 2). One distinctive unit, a biotite
gneiss member, was recognized in the Carolina gneiss during mapping of
the Shelby quadrangle and was found to extend into the Gaffney quad-

rangle and through the Lincolnton gquadrangle.

Lithology.--The Carolina gneiss is mainly a series of complexly
interlayered biotite and biotite-sillimanite schists and gneisses, with
small amounts of other rocks. The most common variety is a medium- to
fine-grained rock that consists of biotite in flakes that rarely exceed
1/20 inch in diameter, and quartz and oligoclase or andesirce in grains
about the same size as and smaller than the biotite flakes. The biotite
content probably ranges from 15 to 50 percent. In some layers the
biotite flakes are larger and the biotite content of the rock is higher.
Garnet may form spherules up to 1/10 inch in diameter in this rock. It
also forms neerly massive layers up to an inch in thickness that lie in
qnartz:biotite schist.rich in quartz. These garnet layers generally
were rﬁﬁher strongly folded-and in some places they have been sheared
(£1g. 3A). Tourmaline forms thin black selvages separating some of

these layers from the neighboring layers.
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Contorted garnet layer in Caiolina gneiss.

& thin black coating on the sides of the garnmet layer.

obtained about 6 miles northwest of Shelby,

Specimens

Tourmaline forms
North Carolina.

Figure 3A.

Ca

Grooves on surface of a lens of fine-grained

B a Y (HARES w

e s G e A e

Figure 3B.

Obtained

lime-silicate rock from the Carolina gneiss.

about 4 miles northwest of Shelby, North Carolina.
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Some of the sillimenitic rocks are very similar to the common
blotitic rocks; others are much richer in quartz or garnet. The common
type of schist that contains 10 to 30 percent sillimenite contains a
few quartzose lenses of rock that are very rich in sillimanite. Where
the sillimanite content of the rock is rather low the mineral forms
needles dissenminated through'the rock, somewhat more sbundantly in some
layers than in others. In the central part of the Shelby quedrangle
the schists contain layers of biotite and sillimanite that wrap around
eyes of garnet or of feldspar. In that aree such eyes are much less
commnon in the biotite schist and gneiss, though eyes of feldspar are
moderately common in sucih rocks elsewhere. The sillimenifte-rich schist
appears to have deformed plastically near these eyes, a behavior that
may also account for a cresscutting dike-like body of siilimanitic
schist in the north-central part of the Shelby quadrangle. In one place
the schist apparently contained layers of greater and lesser plasticity.
as blocky fragments 2 inches across or less and without uniform orienta-
tion lie in a sillimenitic matrix. The more brittle layers presumsably
broke while the surrounding more plastic layers flowed. Similar struc-
tures were observed on & much smaller scale in thin sections. The small
8cale of the geologic map of the district does not permit the silli-
menitic and non-sillimanitic rocks to be shown separately.

Rocks that consist predominantly of diopside a.nd andesine are
moderately widespread in the Caroline gneiss though they constitute a
Ssmall fraction of 1 percent of the formation. In most places they form
lenses a few inches thick and a foot to 3 feet long. These lie
Farallel to the cleavage and compositionzl leyering of the gneiss and

commonly have strongly stricted contzcts (£ig. 3B). The rock in the
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lenses is generally fine-grained, dense, and black. It is resistant
to weathering but may have & yellow-brown friable rind. About 6 miles
northwest of Shelby a series of lenses of a coarse-greined diopside-
andesine-calcite rock meoy be traced for several hundred yards parallel
to the planar structures in the enclosing rock. The meximum thickness
of these lenses 1is sbout 2 feet and the meximum length is about 100
feet. Gernet forms reddish spheres about 1/2 inck across, graphite
forms flakes about half that size, and calcite forms masses that may
reach an inch in width. The dlopside and andesine are finer-grained
than these other minerals. It is inferred that the series of leases
represents a thin bed of dolomite or a series of lenses or concretions
of dolomite in the original shales.

The parallelisn of the lenses of diopside-andesine rock, the other
compositional layers of the Carolina gnéiss, and the cleavage, suggests
that the compositional layers mey, in other places, be parallel to
original bedding. The layering is parallel to the cleavage in most
plaéea; the outstanding excepticn is the dike-like body of sillimanite
schist that has already been mentioned. In some other places a coutact
between sillimanitic ard non-sillimanitic schist, as mapped from float,
Seemed not to be exactly parallel to the cleavage as measured on out-
Crops. This mey result ?rom the mappinz procedures more than from

%

actual discordance ia structures.

Biotite zneiss member.--The biotite gneiss is a well foliated rock

that consists largely of biotite, quartz, and andesine. Microcline,
garnet, and hornblende locally are prominent constituents; monazite,

titenite, sillimanite, rutile, and ilmenite are conmoil acecessOory min-

erals. Tourmeline, staurnlite, epidote, and chloritz ire present
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sporadically as accessory minerals. Tke proportions of the minerals
and the texture of the rock vary greatly from ploce to place. The most
distinctive variety is a dark gray, biotite-rich rock that coatains
discontinuous layers and lenses of lisht miner=ls surrounded by darker
material. With iacreasing biotite content and increasing size of
biotite flakes the rock tecomes more schistose. A feldspar-rich variety
that contaias biotite, microcline, oligoclase, or zndesine, aad quartz
in proportions similar to those of the Toluca guartz monzonite is rather
common in the Shelby and Gaffney quadrangles. The dark-colored varieties
of the gneiss weatker to a dark brown saprolite and soil that resemble
the weathering products of the darker varieties of biotite schist and
some varieties of hornblende schist or zneiss. The lighter, feldsyathie
varieties of the gneiss weather to light-colored saprolite and soil
virmdlar to those of the Toluca quartz monzonite.

The bictite zaeiss member was first recoznized by W. C, Overstreet
during the mepping of the Shelby quadrangle in the late 1940's. The
feldspathic varieties in the northwestern pért of the Lincolnton qued-
raagle and in the Gaffrey quadrangle hed earlier been mapped by Keith
end Sterrett (1931 and unpublished) as "Whiteside grenite" and the
darker{varieties in the north-central part of the Lincolanton quadran:le
hzd been mapped by them as "Roan gneiss", their term for hornblende
8chist and gneiss. Hornbiende is, of course, found in the gneiss in
this area and according to Overstreet (oral communication, 1955), it is
Prominent in the gneiss as exposed west of the Shelby quedrangle.

The destruction during metamorphism of most of the originsl struc-
tures in the rceks has made it difficult to determine their orizin. At

Gt :
blace, atout 5 milas southeast of Cherryville, a2 rock was found thit
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appears to be an amygdaloidal basalt. In most of the float blocks the
white amygdeloids have been stretched but in some the deformation was
slight (fig. 4). This rock now consists largely of green hornblende
and andesine feldspar and the amyzdules are largely andesine. The
matrix is homogeneous and shows no sign of altered olivine or pyroxene.
If these minerals were originally present they must have been fine-
grained and well distributed through the rock, as they might well be in
the vesicular upper parts of basalt flows. The wide variation in lith-
ology of the biotite greiss as well as the northeastward thickening of
the formation, colncident with an increase in the interlayering of
different rock types, suggest that volecanic and clayey sedimentary
mzterials may have been intermiagled and also deposited in sepcarzate
Teyers. Neither material contained many structures that were large
anough to persist through the metamorphism. The rest of the Carolina
geeiss formation might 3similarly contain both volcanic and sedimentary
ra2terial, The lenses of lime-silicate rock in the Carolina gneiss
were originally carbonate-rich sediments, as shown by the content of
calcite as well as by the calcium- and magnesium-rich silicate minerals
they contain.

The original sediments that were metamorphosed to form the
Carolina gneiss were rich in silicate minerals but contained very
little clear quartz sand. The predominance of biotite and quartz in
203t of the schists suggests that silt and illitic end montmorillonitic

OT chloritic clays predominated, containing silica, potash, and

T3 resia,
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Figure 4. Metabasalt with relict amygdaloidel structure from
the biotite gneiss member of the Carolina gneiss.
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Battleground schist

General festures.--The Battleground schist formation was described

originally by Arthur Keith and D. B. Sterrett (1931, p. 4-5). wko con-
sidered it to be of late Precambrian age. As parts of the formation,
they included a sericite-quartz schist that grades locally into quartz-
ite, conglomerate, metamorphosed tuff, and a manganiferous schist
member. They believed that the Draytonville conglomerate, the Gaffney
marble, and the kyanitic quartzites unconformably overlie the Battle-
ground sericite schists. Hence, they included those rocks in tke
Cambrian Kings Mountain quartzite formation. Abundant good exposures
in road cuts now show quite clearly that the conglomerate and the
quartzite beds are essentially conformable with the Battlegrouné schist.
In this report, therefore, the kyanitic quartzite, Gaffney marble, and
Draytonville congloﬁerate are treated as parts of the Battleground

schist formation, and the formal names for the marble and conglomerate

are not used.

Lithology.--Sericite-quartz schists constitute much of the Battle-
ground schist formation. The color of the rock ranges from white to
bluish-black, although medium gray to white or pale cream colors are
Predominant. The color depends largely upon the contents of graphite
and iron oxides. Quartz and sericite are by far the most abundant
minerals in this rock, amounting to 95 percent or more in most places.
The quartz content in a few places may drop to a few percent; in others
it may rise above 95 percent. The quartz-rich rock are fine-grained
Quartzites that contain small amounts of sericite. In the area between

the north end of Crowders Mountain and the State line the Battleground
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schists commonly coatain a small fraction of 1 percent of magnetite in
well-formed octzahedra & millimeter or less across.

Much of the schist contains stauroclite, indicatinz that it wes
metamorphosed within the conditions of the lower amphibolite facies.

The deformation that was assoclated with metamorphism of the rocks
has not obscured the beddirng, which remains evident in the schist in an
elternation of quartz-rich and quartz-poor layers 0.1 inch or less ia
thickness. The bedding naturally is not distinct in the schists with
very low quartz content. The distinction between bedding and cleavage
; can be made in the Bettleground schist as the primary and secondary
’ planar structures are not everywhere parallel, although they are
parzllel in most places. The sericite flzskes are oriented parallel to
. the schistosity and the quartz grains are nearly equidimensional or are
slightly flattened parallel to the schistosity. Ottrelite, staurolite,
end apdalusite grains are not consistently parallel to the bedding or
cleavege. Tiny wrinkles, chevron folds an inch or so across, and
fractures in the Battleground schists are discussed uander structure.

Bedding in the martle is shown by thin layers or seams of viotite,
by Jointing parallel to the seams, and by interlayering of beds with
differeat colors (fig. 5). -

Chlorite schists are not conspicuous in the Bettleground schist.
They are similar to the darker varietieé of sericitic schists but con-
tain very small flakes of chlorite 2s well as sericite. A few chloritic
schists may contain less quartz than the aversge sericitic schist.

Graton (1906, p. 16) and Keith and Sterrett (1931, p. 4) inferred
from the presences in sore beds of broken fragments of rocks and minerals

“hat the Bauttle.rowid schist is tuffaceous, thouzh nothing as conclusive
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as shard structure or scoriaceous material was found. It is impossible
to deten;xine how much of the sedimentary material from which the schist
was derived was of volca;:ic origin. The Battleground schist may be rert
of the series of slates 'fcb.e.t crop out in the "Slate belt" east of
Charlotte and contains a“' large proportion of volcanic materizl.

The sedimentary rocl;s that were metamorphosed to form the Battle-
ground schist, like the protoliths of the Carolina gneiss, included
volcanic materials and shales. In addition, they included sandstones,
conglomerates (with petbles either of quartz or of basalt or rhyclit

—

porphyry), menganiferous 2nd iron-rich shales, and limestone.
Hornblende schist and gneiss

General features.--The rocks indicated on the mep as hornblende

schist and gneiss include the gabbrecs and the "Roan gneiss" that were
mapped by Keith and Sterrett {(1931) as well as smsll btodies of more
basic rocks composed meinly of pyroxene, serpentinite, znd talc. Ttere
&re three general types of rock in the mapped unit: gabbroic rocks that

ire more or less zneissic, horntlende schist, and pyrcxenite.

Gabbroic rocks.--The gabbroic rocks form round or oval masses 2 few

hundred yerds ecross. Tke marginal parts of some of these bodies are
Scnevhat gneissic, and some bodies are gneissic throughout. In the
Veitern part of the district Keith and Sterrett classed the folizted
Tc:ks as "Roan gneiss" and the unfoliated rocks as "gabbro", e distinc-
_u°n th&t no longer seems appropriate. In mineral composition, the

POCks here called gabbro renge from dioritic to gabbroic, as the feld-

SPAr may be either znd=sine or labradorite.
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In the southern and northeastern parts of tkbe Shelby quadrangzle
the gabbroic rocks are enclosed in biotite schists and gneisses of the
Carolina gneiss. They form ellipticsal bodies that are oriented with
their long axes a2bout psrallel to the folisation of the gneiss. In the
rest of the district the gabbros are in or near Battleground schist,
Cherryville quartz monzorite, and Ycrkville granite. They are the wall
rocks of spodumene-besring pesmatite in the Indian Creek and Beaverdam
Creek areas.

The biotite greiss menmter of the Carolina gneiss, as mapped in the
Lincolnton quadrangle, includes meny masses of horableandlc rocks. Sonme
of these appear to be gebbros end quite likely ere intrusive; others
appear to be metomorphesed sedimentary or volconic rocks.

The gabbros are dark gray and ars composed mainly of kornblende
and feldspar which. because of their strong color contrast, give the
rock a spotted aprearance. The zrain size ranges from 0.02 inch to
0.5 inch but it is =bout 0.1 inch in most pleces. Microscopically the
rock is seen to contain hornblende, andesine or labradorite, with
2nor amounts of hypersthene, biotite, olivine. and magnetite or il-
Renite. The hornblende is ygreen irn most places, brown in a few. There
is a suggestion that olivine tends to be associated with brown horm-
blende more than with green hornblende. The hypersthene is generally
rearly colorless in thin section. It is disseminated througzh the rock
ad at one placé fcrms pyroxeaite veins or dikes in gabbro. At the
- 014 Plentation émera}i rmine both hypersthene and hormblende were
formed by the aiteration of olivine as well as by primary erystalliza-
tion. Evidence;for a secondary origin of hornblende and hypersthene

is lacking @lsevhere. Sterrett reports Iin his unpublished notes that
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olivine geboro, that crops out 2-1/2 miles N. 70° E. of Lincolaton,
contains violet augite, olivine, calcic labradorite; bioctite, black
iron ores, pleonaste, axd pyrrhotite. Serpentine formed radiating

reacizion rims around other minerals.

Hornblende schists.--Eornblende schists are very rare in the

Shelby quadrangle but are found in zbundance in and near the tin-
spodumene belt. They form the country rocis of many pegmatite dikes
south of Kings Mountain and neér Lincolnton. The schist forms more cr
less tabtulor layers thot are elongated parallel to the regional end
local trend of the fcliatioa. Interlayered with it are various rocks
of the Carolina gneiss and Battleground schist.

In many of the schists hornblende is by far the domirant mineral.
It is pale green to black in hand specimens and colorless to green in
thii-sections. The hdrnblende-rich rocks very commonly are strongly
lineated, with nearly all the hornblende needles parallel with one
another. Thin pencils of light-colored minerals in these lineated
rocks are also parallel to the hormblende crystals. Plagioclzase
feldspar is a rather common accesscry minerul and in generally olizo-
tlase or andesine. Sphene is abundant in some rocks, including some
that also contain sbundant light brown biotite. Glaucophane con-
Stitutes most of several thin layers, not more than 1/8 inch thick, ia
berablende schists in the Kings Mountain area aend 1is a major con-

Stituent of uncommon quartz-glaucophane schist layers several inches

thick in the same area.

Pyroxenite and associated rocks.--Small bodies of medium-graiasd

wf€en rock, composed lar_ely of ferro-mo_nesian minerals, are moderital;
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comwn in hornblende uneiss near Lincolton end near Gaffney, cs well
as in a smell ares a few miles south of Shelby. These rocks were
mapped as peridotite by Keith and Sterrett (1531). Some of the bodies
are nearly tabular, as the lensth is several times the width; the out-
croﬁ areas most carefully examined, however, are ellipses.

South of Shelby smell oval bodies of pyroxenite are in bilotite
schist but are nezr bodies of gabbro and hornbleade gneiss of similer
size and shape. Elsewhere the pyroxenite most commonly is enclosed by
the horanblende schist and gneiss.

The pyroxenitge is _reen, the shade varyiﬁg with the content of
minerals other than hypersthene. Incre2sing content of chlorite, zen-
erally in flakes 1/50 inch or more =cross, hos little effect on the
color; increusinz tale content naturally lightens the rock. Th2 rocks
richa23t in talec are greenish gray. Increasin: hormblende ccatent
darkens the rock. Thé hornblends content may very directly with the
feldspar content. -

The horntlende of the pyroxenites is 5ré§n, in some pleces with a
bluish cest, in other pleces yrayish or brown;sh. Brown hornblende is
apparently rare. The pyroxenes include hyrersthene, which is domineant,

and diopside, which is uncommon.
Schist znd granite complex

About 100 rears ago Oscar Lieter, the State Geologist of South
Carolina, mede a ygeologic reconnaissance of an area thet includes the
kings Mountain quadranzle. He found a broad arez in which the rocks
Upon weathering, yielded a very light-colored soil, similar in color

to that which forms from graaite in mzny places in the Pledmoat
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{Liever, 18¢0). EFe concluded thnt the erea was uudarlzin by sroaitic
socks. In this view he was follcwed by Keith end Sterrett (1931) who
Jound coafirmin; evideace in outcrops of granitie rocks in the southern
zart of the Kings Mountain quedrangle, and named the unit "Bessemer
grapita". This unit coatains not only grenitic rocks of quartz mon-
zonitic or quartz dioritic composition, but also, and probably in
larger a2mouats, sericite schists that are in part matamcrphosed
clastic voleanic rocks.

Keith and Sterrett used the presence of conspicuous pyroclastic
material as their mein criterion for distinguishing Battleground
schist from "Bessemer granite." 3ericite schists in the Kings Mountain
guadrangle contaoining volcznic zmzterizl wers iacluded in the Battle-
sround schist. Most of tke other schists to the east and south were
ircluded in the "Besseper granite”. This distinction was not coa-
sistently made in the Gaffney aad Lincolnton quadrangles. I separated
several areas of schist from the "Bessenmer sranite" uait of Kbitﬁ
and Sterrett but was left with an unstudied residue that may te under-
12in largely by igneous rock. Mo more was done because further study

of this meterizl would contribute little to the sutject of this report.

Izneous rocks

Toluca quartz monzonite

General features.--Toluca quartz monzonite occurs in a

Sortheasterly-trending belt that is asbout 35 or 4O miles wide at the
Shelby district. It is found throughout the Shelty quadranszle but is

Feitricted to the western quarter of the Lincolnton quidranzle and the
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aorthwestern third of the Gaffney quadranzle. It may be present ot the
northvestern corner of the Kings Mountain quadrarngle though this has
nat teen demonstrated.

Host of the bodies of Toluca quartz monzonite are sills that are
pﬁi—:llel to the foliation of the Carolinz gneiss although the contaets
c? tze sills locally cross the foliation of the wall rocks. A few

-

bcdies of quartz monzoanite in the northwestern vart of the Shelby quad-

]

rzezle are dikes that cut the Carolina gneiss. The largest outcrop is
12 the northeastern corner of the Shelby quodrangle and parts of the
adjoining quadrangles. It is about 7 miles long. Helf of tke total
azter of bodies of Toluca quartz monzouite mapped in the Shelby quad-
rangle are 2,600 feet or more in length.

¥ost of the bodies are tabular, witk some pinching and swelling,
t2t cthers are irrezular. The irregularities in the outerop area in
tZe central and south-central parts of the Shelby quadran;le represent
irregularities in the shapes of the bodies of quartz monzonite whereas
those in the very large outecrop in the northeastern corner of the
Taadrongle are in part results of the erosioa of a gently folded and

n2arly horizontal sill.

Lithology.--The Toluce quartz monzonite is a gray, medium-grained,
medarately to st‘mngly gneissic gray rock (fiz. GA). The gneissic
3tretire is shown by layers that are rick in either quartz or biotite.
dere the segrecation of minerals is less prooounced the foliation is
3bovn parallelism of biotite flakes and of leaves of quartz. Linear
8irctures in the quartz monzonite include elongate flat leaves of

14372z, and elongute clusters of biotite flakes. The quertz leaves
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Figure 6A. Toluca quartz monzonite with strongly developed planar

and linear structure. Scale is 6 inches long. Near U. S. High-
way Th, five miles west of Shelby.
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Figure 6B. Lineation, parallel to 6-inch scale, in Toluca quartz
monzonite. Same locality as figure €A.



generally are less than an iach long, thoush a few are several inches
long (£ig. 6B). The width is about one-fifth of the lensth and the
thickness 13 a smell fraction of the width. In places thes foliztion
is folded and cut by faults elong which there wes only small displace-
zert. The fractures seem to have little directlonzl relation to tke
foliation and lineation of the quartz monzonite, though they formed
rather soon-after the consolidation of the quartz monzonite, because
recmatite related to the gquartz moazonite was intruded into them.

The major mizerals of the Toluca guarwz monzonite are olijocl=zse,
zicrocline, quartz, ~nd biotite. Muscovite is 2 minor constitueat that
is intergrown with feldspar snd gquartz. As an zccessory mineral garnet
forms spherules about 1/4C inch across erbedded in the light-colored
cgrezates of quartz and feldspar. The Zeldspar grains are 1/20 to
/% inch across. Apatite, zircon. monazite, and ilmenite are wide-
spread accessory minerals. Rutile, sillimenite, blue spinel, and
Xerotime are less widespread. The proportions of the major minerals
in 8ix specimens are shown in tadble 1.

The order of crystallization of the minerzls has not been worked
out in detail. The viotite, the feldspars, and part of the quartz
apparently crystallized early, followed by the quartz that formed the
ieaves, then by zarnet, which formed after cessation of the movement
that oriented the quartz leaves. The plegioclaée, like the quartz,
My have crystallized over a long interval because sodic plagioclase

Seeme to have formed after mcsh of the more calcic”plagioclase.
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Table l--Minerzl composition of Toluca quartz monzonite

1 2 3 h 5 6 Average
Plozioclase 35 40 31 L1 35 25 32.8
Microeline 23 28 34 16 20 38 28.3
Quartz 26 31 23 26 38 31 29.1
Biotite 8 1 I 13 5 2 5.5
Muscovite 8 - - L -- 2.0
Garnet -- - 8 - 2 L 2.3

Columns one through six give compositions of six specimens

obtained 4 to 6 miles northwest of Shelby, Nortk Carolina.

Modal analyses made on their sections by point-counter methed.

Values given to nearest perceat, except in sverages.
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Yorkvilla granite

Generzl features.--The Yorkville gr=nite forms an elons=te batho-

lith that hes teen traced for more than 50 miles from the town of York
{formerly; Yorikville), Soutk Carolina, northward to Catawba County,
Jorth Carolina. The Yorkville granite is widely exposed south of the
Zaffney end Kings Mountain quedrangles and between Gafiney end an araa
3 Jew miles southeast of Whitestone, Soutkh Carolina. In most places
it is in cont2act with Battleground schist, though it might cross the
strike of the rocks far enough southwest of Gaffney to reach the
Carolina gneiss.

The Yorkville graﬁite nas not yet been found in contact with the
Caerryville guartz monzonite or with any pegmatites related to the
Cherryville guartz monzonite. It dces not appear to be involved in
@y way in tke origin either of the pegmatites or of the metamorphic
Tocks that enclose the pegmatites, so it will not be discussed in

datadl.

The western marszin of the main batholith of Yorkville grznite is

{3

eorly parallel to the rezionsl trend of the metamorphic rocks. The
2catact 1s somewhat trenszressive, however, as is indicated by septa
¢ metamorpnic rocks in the batholith. South of the Gaffney and Kings
‘ountain quadrangles the rock msss is meriedly discordant.

The metcmorphic rocks have been affected by the Yorkville gronite;
e i&tensity of metamorphism increzses near the contact to produce
~=ziibolite facies, whereas the rocks farther west are of the green-
3chlst or albite-epidote-amphibolite foeies (Potter, report in prep-

a2 . .
*filon  1G655). This increcse in intensity of metamorphism is showm
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most conspicuously by the sbundance of sillimanite in the xjanitic
quartzites or by the presence of sillimanite without kyenite withia 2

mile of the Yorkville _-ranite.

Lithology.--The most cormon veriety of Yorkville granite is a
coarse- to mediun-grained porphyritic rock. The groundmass is 2
medium-grained agsregate of quartz, biotite, oligoclase, and potash
feldspar. The phenoerysts, of microcline, reach lengths of 2 iaches.
In most places they are not coansplcuously aligngd. Magnetite and
zircon are widaspre2d accessory minerzls. The ﬁlagioclase is strengly
zoned. This is especially pronounced in some gfains that are adjacent
to microcline phenocrysts.

The composition of the Yorkville granite is near the dividing
liae Yetween quartz monzonite and grancdiorite: +that is, Just about
one-third of the feldspar is potash feldspar =nd cbout <wo-thiris is
plegioclase. The chemical analyses in table 2 reflect the nature of
the rock.

Only a few dikes of aplite and of regmatite have been found in
the Yorkville granite. They ars composed of rlagioclase and micro-
cline feldspar, quartz, and micas. The dikes are generally only 2

few inches thick.

Cherryville quartz monzonite

<

Ceneral features.--The Cherryville quartz mon%pnite forms a large,
elongate batholith thet extends from a point near Blacksburg, South
'Cardlina, northezstward at lenst as far as Maiden, North Carolina. In
addition, it forms a series of stocks in 2 line that passes through the

town. cf Kiigsbhuntain znd on to the northeast (fig. 2), about 2~l/2



Table 2.--Chemical composition of the Yorkville pranite

1 2 3
510, 63.90 70.77 T1.55
Al03 15.75 14.89 k.47
Fey03 | 1.1€ .75 R
FeO 2.49 1.2h 1.51
MgO Th 43 7
C20 2.€6 2.08 2.00
Nas0 4.76 L.47 3.72
K50 3.49 L.70 .16
Isn. loss .18 .19 .34
T10, .36 .36 ko
M0 tr tr .05
F205 tr tr .13
S04 tr tr --

Earle Sloan, ana2lyst. From Jackson quarry, 0.5 mile north of
Clover, York County, South Carolina. From U.S.G.S. Bull. 426,
P. 17h.

Esrle Sloan, analyst. Muscovite-bezring Yorkville granodiorite,
Whiteside quarry, 2 miles west of Filbert, York County, South
Carolina. From U.S.G.S. Bull. 426, p. 17h.

L. N. Tarraat, analyst. From small quarry 0.9 mile southwest of

Machpelah Church, Lincoln County, North Carolina. Collected by
D. B. Potter, report in preparation.
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. to S miles east of the batholith. Abocut 7 miles southeast of Kings

‘Mountain this eastern belt of stocks coalesces with the main batholith.
The mzin batholith is made up of taree segments. The northern

segzment, which is at least 25 miles long, trends N. 25° E. parallel to
the belt of stocks. The width of this secment ranges from 1/2 to 2-1/2
miles. The thinner parts are relatively clezin quartz monzonite, whereas
tte thicker parts contaizn inclusions or scptz of metamorphic rocks.
The southern segment of thie batholith is a wedge-shaped mass abcut 15
milss long that tapers from ¢ width of 2bout 4 miles west of Kiangs
Mountain to its pointed end zbciut 5 niles west of Blacksburg. This
wed e-shaped mass contuains swony lzare inelusious of biotitic schists
and gneisses as well as large septa or pendants that are attached to
the wall of the batholith. These ars somewhat more abundant alony; the

. wastern wall thon clongs the exstera wall., Counecting the northern and

! ~ —~ ) M DI S UL SR . P Sl
Scutiierz segueats of L TL-llwllith is the nmdddle sezment, o swarm of
3 e WL - s e e o M m.3 ~ -~ - T -~
2kesd, sills, ~nd irvesdor sncll stocis. This swaim, vhich 4s xbour

" miles wide, ocxteads Zue south from Cherryville tc the latitude of
Kings Mountein, where it joins the troad base of the wedje-shapad
sdutkera segnent.

The stocks in the eastern belt of Cherryville quartz monzonite
Taage in width from sbout 1,5 mile to 1-1/2 miles end in length from
3tout 2-1/2 to 4 miles. They are separated by 4 to 7 miles of meta-
rorphic rocks. The long mass of quartz-menzonite between Blacksburg
Aod Gaffney might be considered a part of the easte;;'n belt.

It i8 uncertain how far the Cherryville quazitz1 monzonite extends
“°1'th of Maiden. None of the rock was found while walking over roads

* few miles north of that town, tut the possibility remnins that a

Oy
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. narrow belt of quartz monzonite mizht have been concezled where crossed

by the roads or that the quartz monzonite belts might be interrupted,
only to recur still fartber to the northeast. Near Pacolet, southwest
of Gaffney, which is near the apparent southwestward end of the Cherry-
ville quartz monzonite crea, a rock is gquarried that strongly resembles
the Cherryville quarts monzonite. Detailed studies of the rock at
Pecolet and of the geologmy of the a2rea between Pacolet and Gaffney are
needed before a correlation can be established. A lenticular tedy of
groanitic rock southeast of Gaffaey might alsc be a body of Cherryville

quartz monzonite. It has not been studied.

Relations to enclosing rocks.--Both the northern and the southern

segrents of the mein batholith of Cherryrille quartz monzoanite are
essentiually parallel to the regional trend of the metomorphic rocks.
The middle segment, with the intimote intermingling of igneous end
metamorphic rocks, is discordant. The eastern belt of Cherryville
qQuartz monzonite stocks also trends parallel to the regional structures
and the individual stccks are elongzated parallel to that trend. The
discordant middle segment of the batholith, interestingly, is nearly
coincident with and parallel to the axis of the Muddy Fork anticline
(fig. 11). The metamorphic rocks therefore ere very strongly deformed,
having undergone the earlier folding as well as the later fracturing

2ad displacement that accompanied the intrusion of the quartz mon-

Zonite ragma. The complex structure in the metamorphic rocks and the

1ntemingling of igneous and metamorphic rocks made it impossible in

the time avajlable to determine the direction of dip or of plunge in
the bathoyien.



. South of the mein batholith and along-strike from its end tuhe
metamorphic rocks are cut by many closely spaced fractures. The
fractures bound blocks of schist that are a few feet to several tens
of feet across. Many of the blocks have been rotated. The meta-
morphic rocks in the eastern belt of quartz monzonite are also somewhat
fractured, though less intensely than those along-strike from the main
batholith and in the tin-spodumene pegmatite belt.

The association of bodies of quartz monzonite with fractured
country rocks and the concentration of the quartz monzonite into two
belts in the northern part of the area of figure 2 suggested that
shattering alonz two belts, perhaps resulting from region shearing
movements, preceded the intrusion. The northwestern fracture zone was
disrupted where it intersected the Muddy Fork anticline (fig. 11) and
gavg way to a transverse breccia zone that connected it with the
southern fracture zone. The especially larze emount of quartz monzonite
that is in and near the transverse brecciz zone might be attributed to
a southwestward movement of the northwestern side of the northwestern
frocture zone. If the movement continued during the rise of the magma
a4 space of relatively low pressure should have developed there.
Haturally, if the batholith does not plunge vertically the direction
Of movement of the fracture walls that would be most favorable for
lntrusion would not be horizontal; it would deviate from the horizontal
by the 3ame amount the plunge deviated from the vertical.

Keith and Sterrett (1917, p. 130-132) point out that micaceous
Schists yere partly absorbed by the magma to yleld igneous rocks with
' 8 abnormally high mica content and that hornblendic rocks broke up

1??0 more block-like masses which, where assimilated gave rise to
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. more basic granitic rocks. The recent work verified the blbcky nature
" of inclusions. both micaceous and hornblendic , but the smount of
assimilation and its effect on the composition of the intrusive rock
does not seem to be particularly striking.

In the Muddy Creek exposure the quartz monzonite shows very sharp
contacts against the sillimanitic zneiss (fig. TA). The crumples or
shear folds in the gneiss plunge S. 10° W. at an angle of about 65
degrees. -The quartz monzonite contains meny inclusions. Some of these
are of gneiss, in which the foliation is not parallel to that in the
country rock (fig. 7B) and some are of somewhat gneissic granitic rock
(fig. 10B) and may be cognate inclusions. Still later the normal
quartz monzonite was fractured and cemented with lighter colored mus-
covitic quartz monzonite (fig. 8). In this exposure the quartz
monzonite varies in composition but the variation could not be corre-
lated with variations in country rock or with evidence of assimilation.

In most places there was little reaction between the Cherryville
quartz monzonite magma and the intruded rocks. At Muddy Creek, Cleave-
land County, North Carolina, the schist contains uausually large amounts
of muscovite and unusually coarse-grained micas and sillimanite has
apparently replaced some of the micas. The muscovite appears to be a
young minera.}. because it is concezitrated along axes of shear folds
that break the biotite flakes, and it forms metacrysts that lie along
axialplipe fraoctures in the folds and the sillimanite that replaces
the muscovite must be still younger. Farther east, near the eastera
®dse of the batholith, the schists in many exposures contain much more
®iscovite than the Carolina gneiss in the Shelby quudrangle. Inasmuch

23 the boundary between the muscovite-rich Battleground schist and the
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Figure TA. Discordant contact of Cherryville quartz monzonite
(upper left) with mica schist (lower right). Scale is 6
inches long. Muddy Creek, Lincolnton quadrangle.

Figure 7B. Follation in schist truncated by Cherryville quartz
monzonite and small inclusions, rotated, in quartz monzonite
(to right of scale). Muddy Creek, Lincolnton quadrangle.



Figure 8. Biotitic Cherryville quartz monzonite
broken and cemented by later, muscovitic
quartz monzonite. Scale is 6 inches long.
Muddy Creek, Lincolnton quadrangle.



biotite-rich Carolina gneiss hes not been mapped accurately the amount

of folding or faulting of cne rock into the other is unknown.

Lithology.--Three verieties of Cherryville quartz monzonite have
been recognized in the field. The most ccmmon variety, which forms 70
to 80 percent of the batholith, is a biotite-rmuscovite quartz monzonite
that contains feldspar groins about 1/8 inch across, with smell mica
flakes and interstitial quartz. About 2 miles south of Lincolnton and
in o small ared north of Vontine the rock is slizghtly porphyritic, with
pheznocrysts of microcline that esre slizhtly l=arger thon most of the
feldsper groins of the rock tut the contrast in grain size is not great.
The second variety of rock is found in the southern part of the batho-
}ith, and in scattered are2s near its western margin this varis=ty is
rmoderztely to strongly lineated (fiz. 9). The irregular body of
Cherryville guartz monzont te that extends from Blacksbur: to Gaffney is
the lineated variety. The assignment of this bedy to the Cherryville
Guartz monzonite is uncertain zs similar rocks have been ncted near the
torders of the mcin batholith of Yorkville jsranite. The third variety
of Cherryville quartz monzonite contains muscovite but little or no
blotite. It is found in small areas scattered throuzh the batholith
and appears to be most cormon near its eastera margin.

The main constituents of the Cherryville quartz monzonite, other
than the micas, are microcline, oligoclase, and quartz. The relative
Proportions of the minerals are shown in teble 3.

) In the common biotiﬁe-muscévite quartz monzonite the microcline
3lmost invarizbly shows aridirou twinning. It generally contzins only

2 few thin spindles of albite and it only rorely contains irresular
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Mgure 9. Lineated variety of Cherryville quartz monzonite
from Blacksburg, South Carolina. Major scale divisions
are 1 inch.



Table 3.--Mlnerzl conrositisn cf Cherziville quarsz monzoai=e in
rerceat by volume

1 2 3 4 5 6 7 8 9 10 11 12 13 1k
Plagioclase 24 33 30 32 31 24 26 45 26 33 3¢ 32 3.6 32.9
Microeline 1 15 25 18 16 31 38 14 28 33 26 23 23.3 2¢.8
Quartz 45 32 28 35 42 30 28 26 2 31 30 31 30.6 31.7
Eiotite -- 1 6 6 4 4% -~ € 3 1 7 L4 3.8 &u.3
Muscovite 29 19 11 T 7 11 7 9 19 2 1 10 9.4 8.6
Garnet -, mm mm ee me = l] cm e am em e -- -
Tourmaline -- (&) ~= - o o 0 o o - - oo - --
Epidote s~ T . - -

Modal a2nalyses made oa thin ssctions by poiat-counter method.
Values given to nearest percent except for towrmzline and in avercges.

1. Sample taken 2t coutuact with mica schist. uddy Creek, Lincolaton
Quad.

2. Oze and one-fourth mi-les‘north of Bethel Churchk, Lincolnton Quad.
3. dne and one-fourth miles anorth o2 Vaztine, Lincolaton Quad.

L. Two and one-balf miles north of Vantine, Lincolatcn Quad.

5. One mile south of Weuco, Lincelnton Quad.

O. Common variety of quartz monzoaite, Muddy Creck, Lincolnton Quad.

7. One mile west of Laboratory, Lincolnton Quad. Crushed rock from
shesr zone.

8. One mile west of Laboratory, Lincolaton Quad.

9. Lineated quortz monzonite, Blacksburg, Scuth Carolins. Weathered.
10. Tvo and one-half miles north of Oak Grove , North Carclina.

11. One and one-half miles south of Weco, North Carolina.

12. One and one-hz1f miles south of Waco, North Czrolina.

i3. Average of 2 through 12.

“ .
4, Average of hiotite-muscovite quartz moazoalte, all samples
hi -

=, i, ond 9.
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patches of plagioclase in "patch perthite”. The larger microcliae
Srains ccntain round or oval blebs of plagioclase, some of whica may
have been incorporated ia tke growing microcline crystal tut others
have replaced the microcline. A few grains of microcline were larzely
repleced by plagioclase, leaving only irrejsular remmants of the rim of
the original erystal. The plagioclase occurs in two menners: es
Llocky grains of olijoclase (ab 70-80) that comrmonly are twinred and
somewhat turbid, and as rouand grains that generally sre less tuwimmed
than the tlocky graias and sre much less turbid. The lat<er plagio-
clase contains about 4 to & perceat more albite than the tlceky
feldspar. The difference ia composition cun be determined readily
where the clearer plazioclase forms an overirowth on the bleeiy turbid
clazioclase. Both vorieties of plazioclase weather readily; heace,

in thin section they contain thia layers of colorless or browa second-
2ry material. The plagioclose is only slightly zored where the blocky
grains have not been overgrown by the later plagioclase. Oscillatory
zoning was nct seen. The rock is free from fractured zz2ias or other
cataclastic effects, thougk in some semples it contains eracks tkat
cut both microcline and plagioclase feldspar. In one plzce such
cracks are partly occupied by thin veins of quartz. Ia other places
the plagj.oclasc is clear alongside the c%acks, thoush elsevhere it

¢ontains many dust-like particles of = brown material. Tke clear

S

Plagicelase apparently has the same albite content as the turbid. The
fractures that pass into microcline grains are there f£illed with tiny
Forticles of brown material resembling the material whiek wos removed

fxenm the plagzloclase.
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Biotite in the quartz monzonite contains blaeck halos about tiny
inclusions and is commonly altered to chlorite. A little sphene formed
as a by-product of this reaction, but no potash feldspar could be attri-
buted to it. Perhaps the potassium released during the chloritization
entered sericite, which accompanies the chloritized bictite in many
places. Quartz forms round or irregular grains interstitial to those
of feldspar and mica.

During the consolidation of the rock the microcline and blocky
plagioclase apparently formed first, probably about at the same time
as the micas; then additional plagioclase formed overgrowths on the
blocky grains, interstitiasl masses between the older grains, and re-
placement masses in the microcline. In most places the replacement
formed round blebs; in fewer places it formed patch perthite. Strong
zoning of plagioclase alongside some large microcline grains suggests
that albite might have been exsolved from the microcline.

Large crystals of perthitic microcline have been found in the
biotitic Cherryville quartz monzonite (figs. 10A and 10B). The origin
of these is not clear. They have been found mainly in outcrops in
which small pegmatite dikes are common and there may be & genetic re-
lationship between the pegmatites and the crystals, wl;.ich presumably
replaced the quartz monzonite. The microcline grains are not; accom-
panied by other coarse-grained minerals, such as the plagioclase, quartz,
and muscovite that accompany it in pegmatites, but are embedded in

Qquartz monzonite.
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Figure 10A. Perthitic microcline mass in binary Cherryville
quartz monzonite. From old U. S. Highway T4 near Buffalo
Creek.

Figure 10B. Euhedral white perthitic crystal
(below 6-inch scale) in biotitic Cherryville
quartz monzonite. Muddy Creek, Lincolnton

quadrangle.



The muscovife quartz monzonite is similer to the biotite-muscovite
‘ quartz monzonite except for the scarcity of biotite. The relations be-
tween the minerals are similer in the biotite-bearing and the biotite-
poor rocks, though no perthitic microcline was found in the biotite-poor
rocks. |

| At only one place was the lineated quartz monzonite found to be
fresh enough to permit a thin section to be prepared from it. In this
place the biotite content seemed to be abnormally low. The relative
freshness may result from a2 low content of both biotite and plagioeclase,
the two most reedily weathered minerals. The modal composition is given
in Table 3. Because of the weathering, paragenetic studies and the
identification of plagioclase and biotite were difficult. The micas

probably formed early during the consolidation of the rock.

Age and ofigin.-~Thé Cherryville quartz monzonite was emplaced in

metamorphic rocks that were brittle immediately before intrusion. This
is shown by the blocky shape and abundance of the inclusions as well as
by the fracturing in the metamorphic rocks in the zones of intrusion.
Farther west the rocks of the Carolina gneiss were brittle at the time
of intrusion of the pegmatites related to the Cherryville quartz mon-
zonite. This indicates that the Cherryville quartz monzonite was em- .
placed long enough after the last msjor period of metamorphism and
plastic deformation for the rocks to have become rigid probably because
of a reduction in temperaﬁurevand pressure. The metamorphism took piace
about 400 million years ago, or probably in Ordovician time. About 120
million years elapsed between the metamorphism and the intrusion of the

Cherryville quartz monzonite if we accept the evidence of a single age
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determination, made by the Larsen method, of monazite obtaizs Zrom the
rock at Muddy Creek. The age was 285 million years which mey corres-
pond to middle Devonian. The monazite was exceptionally rick ia uranium,
which suggests that the age should be accepted only tentatively, pending
confirmatory determinations. Additional samples have not yet teen made
because of the scarcity of zircon and monazite in the rock. Tre
Devonian (?) eruptive activity in the Piedmont should have laf: its
mark in the sedimentary rocks in eastern Tennessee. Unfortunziely,

only & small part of the Devonian period is represented in the: area.
The absence of strata may indicate uplift and crustal unrest ézring
Devonian time, which would be compatible with a Devonian age f:r the
eruption of the Cherryville quartz meonzonite.

In many places bulges in elongate bodies of Cherryville zi=rtz
monzonite and the smaller stocks have crowded aside the enclosing
gneisses. It is rot possible to prove that all the space cccizied by
the intrusives is accounted for by the warping of rocks near *ze intru-
sive bodies. BHowever, the evidence of crowding aside of walls ty the
quartz monzonite bodies and the absence of evidence for metessm=tism

indicate an intrusive origin for the Cherryville quartz monzc-ize.
Diabase

Northwesterly-trending dikes of fine-grained diabase er= cczmon in
the Gaffney, Kings Mountain, and Iincolnton quadrangles but w=-e not
found in the Shelby quadrangle. Several of the dikes appear o be 8 to
12 miles long. These quite likely are interrupted but the tzrmen parts
of the guiding frectures are relatively short. Other dikes cz= te

treced only for a few hundred feet, or even less. The thiczzszz ranges
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froo a few inches to several tens of feet. Graton (1906, p. 23) reports
a maximm thickness of 200 feet. The dikes cut nearly all the other
rocks in the area. They have not yet been found cutting the sheet-mica-
bearing pegmatites that are related to the Cherryville quartz monzonite
but they do cut the quartz monzonite and non-mica-bearing pegmatites
related to it. This apparent late emplacem.ent, together with the abun-
darce of dikes of similar rocks in the sediments of Trisssic age in the
Deep River area to the ea;st, suggests that the dikes are part of the
swvarm that was emplaced during Triassic time th.fough much of the Pled-
meat snd Blue Ridge.

The diabase is uniform in ¢composition and is composed largely of
calecic labradorite (48 percent), augite (37 percent), olivine (13
perceat) and ilmenite (2 percent). In his notes, Sterrett mentioned
that pyrite was found in the disbase at one place and chlorite in one
plzce. Graton (1906, p. 23) mentions perovskite and found some olivine
altered to micaceous-appearing iddingsite. Of these minerals only
chlorite was found during the receant study.

The diabase weathers along Jjoints, resulting in boulders of hard,
bleck diabase i;z a 'brown clay matrix. The boundary between fresh and
thorouzhly weathered rock is commonly very sharp._ The hard boulders

acczmlate at the outcrop as the clay is washed away.
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Structure and metamcrphism

General features

The Shelby district may be divided along a northeastwari-trending
line into a southeastern and a northwestern structural proviace; the
dividing line lies close to the tin-spodumene belt and is near the
bourdery between the metamorphic provinces. The southeasterz province
is more homogeneous structurally than the northwestern. Tke provinces

differ lithclogically as well as in the intensity of metamorphism.

Structure of the southeastern province

Rezional features.--The cleavage, bedding, and rock units in the

southeastern province trend northeasterly, gently bending £rcm N. 55° E.
near Gaffney to N. 25° E. near lincolnton. The discontinuously exposed
beds of quartzite and merble that are near the western edge of the
province are the only sedimentary features that can be used for refer-
ence or as index beds throuzh the entire area examined, thoush the
monganiferous schist and conglomerate beds and the eastern toundary of
the schist unit that contains sbundent volcenic materials are useful

for reference in the Kings Mountain and Gaffney quadrangles.

Folds.--Folds in the Battleground schist are obvious wkere they are
small enough for the crests or troughs to te exposed in outcrops or ex-
Qantion;. Most of the small folds in marble and meny in quartzite seem |
to be open, although most of those in the sericitic schists as well as a;
fev in the quartzites ere isoclinal. The axial planes of ties folds are
Ost comrmoaly very steep or vertical and most of the axes cf small folds

that are got in kyenitic quortzite plunge sently either to e northeast
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. or scuthwest, rarely more steeply than 30 degrees. The small folds in
the kyanitic quartzites are not as consistent in either diréction or
angle of plunge. Many plunge very steeply or are vertical. Within a
few feet distance, the angle of plunge may range through 30 degrees.
Folds are difficult to recognize in the sericite schists because there
are few key beds. For that reason, most folds in sericite schist prob-
ably have escaped notice.

Sterrett has pointed out thet the ore body at the Kings Mountain
g0ld mine formed along the flanks of folds in a domcmite marble bed that
is enclosed in sericitic schists. (Keith and Sterrett, 1931, p. 3 and
field notes). Sterrett reports that these folds plunge northeastward at

sn angle of 20 degrees.

. Faults.--Faults are exposed in many places. Some can be recognized
as cracks. The rocks on opposite sides of the faults may be different
in attitude or in lithology and they may show signs of drzg near the
faults. Most of these faults strike nearly parallel to the trend of the
enclosing rocks. As a result they do not offset beds or produce other
recognizable structures where examined on relatively flat-lying surfeces.
It is likely that the displacement 2long most of the faults hes been
small; the estimate of Keith and Sterrett (1931) that the displacements
vere a few inches to several thousand feet seems appropriate.

. Laryer faults can be detected by discordances ia trends of beds and
ebnormal thicknesses or complete absence of beds, as well as peculiar
outcrop patterns. There ere undoubtedly many more faults than are in-
dicated on the map. Only those for which there 1s good evidence and

which are needed to explein the patterns are shown.



Cleavage.--Cleavage is well developed in all the micaceous rocks
and in many of the hornblendic rocks but is not promineat in the marbtles
and quartzites that are free from micas and amphiboles. The cleavage
results from the parallel orientation of the cleevage surfaces of mica
flakes aand the near parallelism of the cleevage surfaces of amphibole
prisms. The effect is, in general, due to a combination of dimensional
and crystallographic orientztion.

Quartz grains in some quartzites tend to be elongate parallel to
the bedding and to the clezvaze. In the conglomerate of the Battle-
ground schist formation at Dixon Gap the leyeringz eand very poorly
developed cleavage in the quartz pebbles are parallel to the long
directions of the pebbles. The cleavage in the sericite schists is
rarallel to the bedding in the thick beds of schist alongside the con-
glomerata bed. The cleavaze is also parallel to bedding in the small
flakes that are embedded in tke quartzite matrix of the conglomerate.
The cleavage is not everjywhere parallel to beds, however. On Drayton-
ville Mountains the two structures intersect at a large angle, as cen
be seen in figure 12. The pevbles in 2 conglomerate bed & few yards
away were 20t elongated parsllel to the line of intersection of bedding

add cleavage.

linear structures.--Tke most common linear structures in the

Battleground schist are tiny wrinkles scarcely 1/20 inch ecross that
offset the cleavage surfaces very slightly and resemble miniature
chevron folds (fig. 15A). These result from movements along gently-

) dipping planes.
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Figure 12. Bedding and cleavage in phyllite of Battleground
schist. Bedding is parallel to the pencil and cleavage
is parallel to the scale. Draytonville Mountain, Gaffney
quadrangle, South Carolina.
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Quartzite beds are pencilled wher= they are enclosed in schist
that is wrinkled. The pencils are parallel to the wrinkles, and they
result from the intersection of joints parallel to bedding and gently-

dipping joints parallel to the planes of movement that formed the

wrinkles.
Structure of the nortawestern province

Regional features.--The over-all structural pattern in the norta-

western vrovince is one of tight isoclinal folds, as shown by the
outerop pattern of layers of sillimeznite schist, and of broad arezs in
which the dips are gentle and the attitudes are uniform. Both strike

faults and transverse faults occur there.

Folds.--A broad upfold is evident from the northwesterly trends of
rocks and foliations in the northwestarn part of the Shelby quadrongle
end southwesterly trends in the area farther south. This broad warp is
called the Mooresboro anticline (fig. 11). Though the nature of the
movements that caused the warp are uncertairn, the fold is of grea
extent. Another largze-scale fold is outlined by the biotite gneiss in
the Lincolnton, Shelby, and Gaffney quadrangles. This large fold is
complicated by smaller folds superimposed upon it. Part of the broaden-
ing of the outcrop of Shelby gneiss in the northeastera part of the
Lincolnton quadrangle mey be attributed to foldinz. The eastern fold
Outlinéd by the gneiss in the nortﬂ;gentral part of the Lincolnton
quadrangle probably is a syncline and the fold in the northwestern
Part of that quadrangle is probably an anticline. Both plunge to the

north.
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Faults.--Faults §f several types occur in the northwestern
province. Thrust faults apperently bound the elongate body of biotite
gneiss in the southern part of the Shelty quadrangle. The greiss has
overridden the sillimanite and biotite schists that dip under it from
the west. The total displacement is unknown but it is probatly smell.
The faulting wmay have resulited from shearing along the edges of the
block of relatively competent gneiss imbedded in incompetent schists
in which strong lit-par-lit slipping was taking place. The thrust
feults thus would be features of local rather than regloncl extent.

Several northeasterly-trending faults that offset a sillimanitie
layer in ﬂhe Carolina znelss as much as 3,000 feet were fouzd in the
Shelby quadrangle. The faulting took place before or during the meta-
morphism of the rocks as the fractures have hecled. The direction
and engle of dip of the faults are not known. Feults with a similar
northeasterly trend, but with slight displacement are commoz in the
central part of the Shelby quadrangle. Most of these are occupled by
dikes of pegmatite related to the Toluca quartz monzonite (fiz. 13).
They dip steeply, and along most faults the western wall was upthrown.
Movement along the faults caused drag folding of the metamorghic rocks
acd, in places, groovinz of the walls. The movement continued on
some faults while pegmetite was crystallizing along them, for quartz
and other minerals were drawn out into leaves parallel to the grooving
on the walls, giving rise to structures like those shown in figure 1h.

Tae fractures that coqtrblled the emplacement of the mice-bearing
Pégmatitéé are younger th&n.those that ére mentioned above zs being
0¢¢ﬁpied by dikes of pegmatite related to the Toluce gquartz ~onzonite.

There 18 a 1ittle drag folling of their walls, though not 2s much as
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Figure 13A. Weathered dike of pegmatite related to Toluca quartz
monzonite in fault in Carolina gneiss. Near Washburn Siding,
northwest of Shelby, North Carolina.

Figure 13B. Pair of faults in Carolina gneiss. Note drag folds
in wall rocks. Faults of this type commonly contain dikes of
pegmatite related to the Toluca quartz monzonlte. Same

locality as figure 13A,

37



along the older faults. These fractures are discussed in the chepter

on pegmatites. ' ‘ -

Fbliatién.-~The compositional layeringz and thé cleavage in the
Carolina gneiss are parallel to one another and to the origin=l bedding.
The layers of lime-silicate rock and the rare quartzite beds, the best
traceable beds, are parellel to the leyers of sillimanite and biotite
schist, which are therefore thought also to represent beds. In two
places, one near the northwestern corner of the Shelby quadrangle and
one in the northwestern outskirts of Shelby, layers of sillimenite
schist are clearly discordant to the layers in the enclcsing biotite
schist and gneiss. These sillimanite schist lajyars probtably flowed
rlastically into fractures or weak zonzs in the overlyinz rccks. The
flowaze of sillimanite schist was insufficient elsewhere to disturb the
normal parallelism between compositional layers.

The cleavage or schistosity of the Caroline zneiss is parallel to
compositional layering end bedding everywhere except in the two eross-

cutting layers of sillimarite schist mentioned in the paragzraph above.

- Iinear structures.--Linear structures are common in the metamorphic

rocks as well as in the Toluca quartz monzonite and the pegmatites re-
lated to 1t (fizs. 6 and 14). In the quartz monzonite, part of the
quartz is segregated into elongated leaves that generally are shorter
than 1 inch, though they may reach lengths of several inches. The width
18 comonly sbout a £1fth of the length and the thickness is only a
8mall fraction of the wid;h. These leaves of quartz cormonly are con-
Sistent in treand, though not in angle of plunge. Inasmuch as they lie

in the foliztion planes of the quartz ronzonite, the direction and ancle
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Figure 14A. Grooving of pegmatite at contact of dike related
to the Toluca quartz monzonite. Major scale divisions 1
inch. Five miles northwest of Shelby, North Carolina.

Figure 14B. Lineation (elongated leaves of quartz) in
pegmatite, same dike as figure 1kA. Scale approximately
the saze as in figure 14A.



of plunge is determined by the local attitude of the foliation.
Cluéters of biotite flakes mey be elongated to form linear structures
that are parallel to the leaves of quartz. These are distinctly less
common then the leaves of quartz. The lineated Cherryville quartz
monzonite also contains spindles of quertz and biotite. The quartz
spindles are not as flat as those in the Toluca quartz monzonite and
many are interconnected.

The metamorphic rocks that enclose the sills of Toluca quértz
monzonite contain linear structures that ere similar in nature and
attitude to those in the quartz monzonite. Leaves of quartz are un-
common but mzy be larger then those in the quartz monzonite. One was
more than 2 feet lony and.é inches wide. Elongeted clusters of biotite
flekes are also uncommon. -

The more common types of linear structures in the metamorphic rocks
are small folds, boudinage, and grooves on the follation planes. The
small folds are generally several feet across and may be several tens
of feet across. They plunge zently to the south or southwest in the
aren south of the Lattimore warp and to the north or northwest nortia
of -the warp. The boudinage structures are elongate swellings in layers
of schist. These are rarely pinched off from the rest of the layer.

JThey seem to be p;rallel to areas of the minor folds. The grooves on
the foliation planes are conspicuous where fhe mica schist contains
bard, dense layers or lenses of lime-silicate rock (fig. 3B). They
Probckly result from slipping,bétVEeﬁ the leyers in'tﬁe s;hi;t.

" The linear structures in the Toluca qpértz monzéﬁite férmed late
1o the history of .the rock. The qpartz‘leaves lie in planes that ap-

Parently represent fractures that formed after the feldspars as well
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as part of the quartz. The last of the quartz was still mobile exoush
to move into the fractures. The leaves of quartz in the metamorphic
;:ocks also formed lete and occupied fractures parcllel to the folia-
tion. The folding of the gneiss and the sills seems to have been
followed by a gradual stiffening of the rocks, the {sti.ffening, iancreased,
the same layers became rigid and the movements gratiually became con-
centrated in the less competent layers. Ultlimately most of the slip-
pring took place in the nearly consolidated sills of Toluca quartz
monzonite. After movements parallel to the foliation had stopped the
retemorphic rocks were cut by Joints and faults that crossed the
foliation, and the pesmotites related to the Toluca quartz monzonite
waere enplaced to form dikes. Draz folds aad striations on the walls
of tke dikes resulted frcm rmovement along the faults, and elongate
masses of quartz in the pegmetite resulted from continued moversnt of
the walls during the consolidation of the pezmatite. The parallelism
tetween the lineation in the pegmetite and the striations on the walls

indicates that the movemeats that formed them were parallel.
Nzature and degree of metamorphism

The metemorphism in the Shelby district comprises both textural
end mineral changes. The most prominent textural change in the schists
is 2n increase in grain size of the rocks as the ereas of stroazer
Tetemorphism are 'approached. Cataclastic features are only locally
conspicuous. Minersl transformations are important, end can, to some
=xteat, be co;';elated with grain size. - ’

The district includes a northwestern province in which the rocks

Ch9<}°acte:'istically contain biotite, garnet, sillimanite, plagicelase
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feldspar, and quartz, and a southeastern province thst contains abun-
dant and widespread schists composed largely of sericite and quartz
with minor but widespread staurolite, and local garzet, chloritoid, and
kyanite. Biotite and hornblende schists also are in the southeastern
privince. Broadly considered, the whole region might be included in
the amphibolite facies of metemorphism, though rost of the southeastern
area would be in the lower part or staurolite-iyunite subfacies of
Turner (1948, p. 81-85) of the amphibolite range, and the northwestern
area would be in the upper part of the range or the sillimanite-

almendine subfacies of Turner (1948, p. 85-87).
Metamorphism in the southeastern srovince

Potter (report in preparation, 1955), after studying part of the
southeastern province, infers that there is an eastward incresse in
metamorphic grede from greenschist facies ne:zr tize middle of the schist
exposure through epidote—amphibo;ite facles to zmrhibolite facies as
the Yorkville granite is appmachéﬁ. It is not entirely certain that
the rocks most distant from the granodiorite telcng to the greenschist
fécies, as the relations of epidote, chlorite, caloritoid, and the very
videspread staurolite are rather uncertain. It is clear, however, that
the grade of metamorphism increases eastward icward the Yorkville
grancdiorite, as the kya.n.ite in the kyanitic gquartzites is replaced by
sillimanite near the granite.:. A similar replacecent of kyanite by
sillimanite was found near tile eastern edge of tte batholith.

.As one pecsses westward ;.n the western par® cf the Battleground
schist area, the grain size is found to increzze <var a distance of a

.mlle or more. The coarsenin; effects certziz _zvyers in the schist,

-
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Figure 15A. Tiny wrinkles in phyllite of the
Battleground schist.

Figure 15B. Pencilled quartzite in the Battleground
schist. Pencils plunge parallel to tiny wrinkles
in phyllite nearby.
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and, as metamorphism becomes stroanger, the number of cocarsened layers
increases until the rock i3 largely coarse-grained. At about this
point, sillimanite becomes an important constituent of the remaining
fine-yrained layers. Where the schist is partly recrystallized it has
a peculiar puckering, similar to a miniature dome and basin structure
(fig. 16). This structure is obscured by complete recrystallization.
The general pattern in the southeastern province is one of a relatively
low-grade central arec (epidote-amphibolite or possibly greenschist
facies) bounded on each side by rocks of the amphitolite facies. The
nature of the alteration differs on the two sides, as the most prom-
inent featurs on the west is a coarsening of srain, whereas the most
prominent feature to the east is the substitutiocn of sillimanite4for
kyanié?. The eastword inerease may result from something skin to
contzct metamorphism by the zranite, whereas the westward increase

seems to be a more normal regiocnal metamorphic crodient.
Metamorphism in the northwestern province

In the northwestern province the Carolina gneiss contains minerals
characteristic of the upper amphibolite facies of metamorphism that
have been deformed somewhat by the movements accompanying the mineral
changes. Sillimenite had formed as a relatively early minerzl but
remained stable to the end of the orogeny. A little staurolite was
found by panning the weathered rock near the center and the north-
’Veshcrn corner of the Sheify quadranle. This rdght be relict from
the early séages in the métamorphic cycle; retrogressive, late in the
cycle; or it might result from 2 secozd period of metamorphism, pos-

sibly releted to the Crerryville gizr<z monzounite.
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Near Lincolnton,

Puckered cleavage in coarsened Battleground

This feature develops as some layers in the

phyllite are recrystallized to form muscovite schist.

schist.

Pigure 16.

Largest scale divisions are 1 inch.

North Carolina.
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Iron sulfides, with a little feldspar, were segregated locally in
the Carolina gneiss late in the main period of metamorphism. In some of
these segregations sillimenite forms imperfect crystels or bundles of
parallel crystals that reach lengths of 2 inches and widths of 1/3 inch.
The amount of coarse sillimanite and sulfide varies. In some places
limonite or coarse sillimanite float is moderately heavy over areas of
an ecre. The sulfides presumably migreted in solution, and the complete
lack of deformation of the sulfide masses or of the coarse sillimanite
indicates that they solidified after the cessation of the pervasive -
movements within the rocks, and the formation of coarse sillimanite
indicates that the conditions were still those of sillimanite grade, or
amphibolite facies. of metarorphism. This is the general condition that
prevaliled late in the orogeny during end after the formation of the
Toluca quartz monzonite and pegmatites related to it.

The fine grain in the Battleground schist as compared with the
Carolina gneiss may be attributed to one or more of several factors:

1. Lower pressure end temperature during metamorphism.

2. Slowness of recrystallization and coarsening of muscovite as

compared with biotite in the same environment.

3. A great difference in age between the biotitic and sericitic
schists, permitting the biotitic schists to undergo more than
one period of metamorphism whereas the sericitic schists
underwent only one.

4. Retrogressive metamorphism, with inducement of fine grain
in a formerly coarser-grained rock. «

The_third and fourth factors seem to the writer to be the least

likely to be dominant. The first two probably were both importent.



GEOLOGY OF PEGMATTITES

Pegmatites related to the Toluca quartz monzonite
Distribution and mode of occurrence

Pegmatite related to the Toluce quartz monzonite is found in nearly
all areas in the district that are underlain by Carolina gneiss. The
pegmatite is enclosed in Carolina gneiss, including the biotite gneiss
member, and in the Toluca quartz monzonite. In the Shelby quadrangle,
the sillimanite schists in the south-central part of the quadrangle
probaebly contain the largest amount of pegmatite, though much pegmatite
is also found in the biotite end sillimanite schists near the large
bodies of Toluca quartz monzonite near the center.

In quartz monzonite the pegmatite forms pods and irregular tabular
masses, generally & foot or less in thickness. In the metarorrhic rocks
pecmatite forms lenses, elongate parallel to the foliation ranging in
thickness from an inch to about a foot. It also forms more nearly
tabular layers that are parallel to the foliastiorn and are a few inches
to several tens of feet thick and also tabular or lenticular dikes,
crossing the foliation, that reach widths of 20 feet. In many places
the dikes and sills are clustered into swarms of parallel bodies.

In many places in the south-central part of the Shelby quadrangle
the regmatite dlkes are along.faults that have slightly offset the rocks
of tbe Carolina gneiss (fig. 13). Only a few of the feults offset the
rocks enough to show in the outcrop pattern. In other places, west of
Shelby, similar dikes lie along faults that conspicuously affect the

outerop patterns. The hanging wall of most fesults was downthrown and

mo3t of the faults trend northeast.
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Iithology

The pegmetites related to the Toluca quartz monzonite are composed
largely of microcline, plagioclase, and quartz. The common accessory
minerals are biotite, muscovite, and garnet. Biotite and garmet, the
most common of the accessories, rarely constitute more than 10 percent
of the rock. Muscovite forms small flakes, rarely exceeding 1 inch in
breedth, in these pegmetites. Monazite, zircon, ilmenite, rutile, and
sillimanite were each found in more than half of 329 pegmatite samples.
Magnetite, staurolite, spinel, dumortierite, and pyrite were found in
fewer samples. The only evidence of zoning in the pegmatites related to
the Toluca quartz monzonite is the formation of quartz masses surrounded
by feldspathic pegmatite. These quartz masses commonly are not elongate
parallel to the body of pegmatite but are transverse and resemble veins
that formed very late during the crystallization.

The texture of most of the pegmatites is granitoid, with microcline
megagrains ranging in length from less than an inch to a foot. These
are surrounded by plagioclase, generally in grains smaller than 1/2 inch,
and quartz, 2lso in small grains. The result, in pleaces, is a por-
phyritic texture. '

In the pegmatites related io the Toluca quartz monzonite the miqro-
cline forms megagfains as broad as 6 inches as well as tiny grains 1/20
inchvor less across. It is som;what translucent and gray. The larger
grains in many places are markeély curved, as can be seen from light
Teflected from cleavage surfaceé. The microcline in places has a
slightly opalescent luster, forming a rather low-quality moonstone. The

Opalescence seems to increase with slight weathering and softening of
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the microcline. Microcline that is identical in appearance forms meta-
crysts and eyes in the Carolina gneiss. These metacrysts range in
breadth from 1/2 inch or less to 1 foot. Some, especially the larger
ones, are accompanied by plagioclase. The plagioclase with the meta-
crysts was not found in unweathered condit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>